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only the C'-D loop of CD28. TixQ second type of ehimeric protein may be one wliich 
does not bind to any poiiion of the C'-D loop of CD28. The second type of chimeric 
. protein may or may not bind to the C'-D loop (or the equivalent loop) of any other 

member of the CD28 family of proteins. The second type of protein may or may not 
5 bind to any or all of the sequences shown in Table 3. 



Receptors bound by the antibody and chimeric protein 

The receptors which are boimd by the antibody or chimeric protein of the 
invention are expressed on the cell surface. The receptor is capable of being 
10 phosphorylated (typically at one ox more tyrosine residues in the cytoplasmic region 
of the receptor), and phosphorylation of the receptor will typically lead to its 
activation. The receptor will comprise a cytoplasmic dpmain that is dependent on 
extrinsic protein kinases to be phosphorylated. Thus the receptor will not have an 
intrinsic enzymatic (kinasfe or phophatase) activity. The receptor will typically 
15 comprise tyrosine-containing, activating ITAM motife (YxxL/IxT-taYxxL/I), 

inhibitory mM motifs (lA^/L/SxYxxITV) or "switch" (TxYxxV/I; activating and 
inhibitory) signalling motifs (where x is any amino acid). These motifs are 
phosphorylated by cj^oplasmic tyrosine kinases, such as the Src kinases, in 
competition with antagonistic tyrosine phosphatases, such as CD45. The signalling 
20 character of the receptors is defined exclusively by the nature of tiiese motifs (ITAM 
vs ITIM: activating vs inhibitory). 

: The receptor may be a member of any surface protein superfamily, but is 
typically a member of the immunoglobulin superfamily. The receptor may be a 
member of the CD28 superfamily. The receptor may be any of the specific receptors 
25 which are shown in Table 1 or 2 or may comprise a sequence which is homologous 
to the sequence of any of these specific receptors. The receptor may be CD28, 
CTLA-4, ICOS, PD-1 or BTLA or comprise a sequence which is homologous to the 
sequence of any of these specific receptors. 

The receptor may be of any of the species that are mentioned herein, and thus 
3 0 may be a mammalian or avian, preferably rodent (such as mouse or rat) or primate 
(such as human) receptor. 
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■ ■ ■ -20 ■ . ■ : 

Software for performing BLAST analyses is publicly available through the 
National Center for Bioteclinology Information (http://www^ncbi.nlm.nih.gov/). 
This algorithm involves first identifying high scoring sequence pair (HSPs) by 
identifying short words of lengtli W in the query sequence that either match or satis fy 
5 some positive-valued threshold score T when aligned witli a word of tlie same length 
in a database sequence. T is referred to as the neighbourhood word score threshold 
(Altschul et al, supra). These initial neighbourhood word hits act as seeds for 
initiating searches to find HSPs containing them. The word hits are extended in both 
directions along each sequence for as far as the cumulative alignment score can be 
10 increased. Extensions for the word hits in each direction are halted when: the 

cumulative alignment score falls off by the quantity X from its maximum achieved 
value; the cumulative score goes to zero or below, due to the accumulation of one or 
more negative-scoring residue alignments; or the end of either sequence is reached. 
The BLAST algorithm paiaineters W, T and X determine the sensitivify and speed of 
15 the alignment. The BLAST program uses as defaults a word lengtli (W) of 11, the 
BLOSUM62 scoring matrix (see Henikoff and Henikoff (1992) Proc. Natl. Acad. 
Sci. USA 89: 10915-10919) alignments (B) of 50, expectation (E) of 10, M=5, N=4, 
and a comparison of both strands. 

The BLAST algorithm performs a statistical analysis of the similarity 
20 between two sequences; see e.g., Karlin and Altschul (1993) Proc. Natl. Acad. Set 
USA 90: 5873-5787. One measure of sraiilarity provided by the BLAST algorithm 
is the smallest sum probabilify (PQSO), which provides an indication of the 
probabilify by which a match between two amino acid sequences would occur by 
chance. For example, a sequence is considered similar to another sequence if the 
25 smallest sum ptobabilify in comparison of the first sequence to the second sequence 
is less than about I, preferably less than about 0. 1, more preferably less than about 
0.01, and most preferably less than about 0.001. 

The homologous sequence typically differs by at least 1, 2, 5, 10, 20 or more 
mutations (each of which may be a substitution, deletion or insertion of an amino 
30 acid). These mutations may be measured across any . of the regions mentioned above 
in relation to calculating homology. The substitutions are preferably conservative 
substitutions. These are deiined according to the following Table, Amino acids in 
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(v) PurificatioTi of the CD28 homodimer 

The pH of the thrombin-cleaved protein was adjusted to pH 8.5 using 2.75M 
Tris pH 8.5, prior to concentration to 0.5 ml using a Centriprep 10 concentrator 
(Millipore Corp). Fresh Protein A beads were washed and rehydrated to a final volume 
5 of -5 mis, prior to being packed into a 0.7 cm x 20 cm Econo-column (Bid-Rad, U.K.) 
and then equilibriated with HBS, pH 8.5 at 4°C. The concentrated protein was then 
applied to the column, allowed to run' into the bed, and then sequential iiactions were 
eluted by addition of 0.5'ml of HBS, pH 8.5 to the top of the bed every 10 minutes for 
2h. The absorbance of each fraction was determined at 280 rnn. The extent of separation 

10 of the Fc from the thrombin-released,CD28 homodimer was determined by 12% SDS- 
PAGE analysis of the fractions under non-reducing conditions. The critical steps tor 
good separation were (1) to allow the protein to pass slowly through the column and (2) 
to conduct the separation at 4°C. The homodimer was concentrated to 0.5 ml and 
subjected to gel-filtration 'on a Superdex 75 H/R column (Amersham Biosciences). The 

15 . purified homodimer was used for crystallization trials, reduced and alkylated for other 
crystallization trials (see below), or frozen at -80°C for future use. 

Preparation of Fab fragments of 5.1 lAl antibody 

Fab fragments were prepared using the Pierce Biotechnology ImmunoPure® Fab 

20 Preparation Kit, as briefly outlined below. 
(i) Fah fragment generation and purification 

Nine millilitres of whole, purified 5. 1 1 Al antibody at 0.3 mg/ml in PBS was 
concentrated to 1 ml and then diluted to 10 mis with 20 mM. sodium phosphate, 10 mM 
EDTA, pH 7 and then re-concentrated to 0.5 ml. To this was added 0.5 ml of 20 mM 

25 sodium phosphate, pH 7 containing 3.5 mg/ml cysteine'HCl. The 1 ml mixture was then 
added to 0.5 ml of a 50% slurry of Sepharose-immobilized Papain supplied with the kit, 
which had been pre-equilibrated with 20 nilVI sodium phosphate pH 7 containing 3.5 
mg/ml cysteine'HCl. This was then incubated for 5 hours in a shaking water bath at 
37°C. The cleaved Fab and Fc fragments and undigested IgG were separated from the 

30 Immobilized Papain beads by centrifttgation at lOOOg and the beads rinsed with 1.5 ml 
of the InmiunoPure IgG Binding Buffer supplied with the kit. The wash was then 
combined with the crude digest and the mix applied to' a Sepharose-immobilized Protein 
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V 116 ■ 

■ Table 5 ' ' ' ' ' • r . ■■ ■ / 
DNA sequence of human CD28 cDNA 

agactctcag gccttggcag gtgcgtcttt cagttcccct cacacttcgg gttcctcggg 60 

gaggaggggc tggaacccta gcccatcgtc aggacaaaga tgctcaggct gctcttggct 120 

ctcaacttat tcccttcaat fccaagtaaca ggaaacaaga ttttggtgaa gcagtcgccc 180 

_ atgcttgtag cgtacgacaa tgcggtcaac cttagctgca agtatfcccta caatctcttc 240 

tcaagggagt tccgggcatp ccttcacaaa- ggactggata gtgctgtgga agtctgtgtt 300 

gtatatggga attactccca gcagcttcag gtttactcaa aaacggggfct caactgtgat 360 

gggaaattgg gcaatgaatc agtgacattc tacctccaga atttgtatgt taaccaaaca 420 

gatatttact tctgcaaaat tgaagttatg tatcctcctc cttacctaga caatgagaag 480 

agcaatggaa ccattataca tgtgaaaggg aaacaccttt gtccaagtcc cctatttccc 540 

ggaccttcta agcccttttg ggtgctggfcg gtggttggtg gagtcctggc ttgctatagc 500 

ttgctag'^aa cagtggccfct tattattttc tgggtgagga gtaagaggag caggctcctg ■ 560 

cacagtgact acatgaacat gactccccgc cgccccgggc ccacccgcaa gcattaccag 720 

ccctatgccc caccacgcga cttcgcagcc tatcgctcct gacacggacg cctatccaga 780 

agccagccgg ctggcagccc ccatctgctc aatatcactg ctcfcggatag gaaatgaccg 840 

ccatctccag ccggccacct cagcccctgt tgggccaaca atgccaattt ttctcgagtg 900 

actagaccaa atatcaagat cattttgaga ctctgaaatg aagtaaaaga gatttcctgt 960 

gacaggccaa gtcttacagt gccatggccc acattccaac ttaccatgta cttagtgact 1020 

tgactgagaa gttagggtag aaaacaaaaa gggagtggat tctgggagcc tcttcccfctt 10 80 

ctcactcacc tgcacatctc agtcaagcaa agtgtggtat ccacagacat tttagttgca 1140 

gaagaaaggc fcaggaaatca ttccttttgg ttaaatgggt gtttaatctt ttggttagtg 1200 

ggttaaacgg ggtaagttag agtaggggga gggataggaa gacatattta aaaaccatta 1260 

aaacactgtc tcccactcat gaaatgagcc acgtagttGc tatttaatgc tgttttcctt 1320 

tagtttagaa aUacatagac attgtctttt atgaattatg atcatattta gtcattttga 1380 

ccaaafcgagg gat:.t.tggtca aatgagggat tccctcaaag caatatcagg taaaccaagt 1440 

txjct.ttcctc actccctgtc atgagacttc agtgttaatg^ ttcacaatat actttcgaaa ISOO 

gaataaaata gttc ' ^ . ■ 1514 

Amino acid sequence of human CD28 (SEP ID N0:1> 

MLRLLLALNL FPSIQVTGNK ILVKQSPMLV AYDNAVWLSC KYSYNLFSRE FRASLHKGLD 

SAVEVCVVYG KTYSQQLQVYS KTGFNCDGKL GNESVTFYLQ NLYVNQTDIY PCKIEVMYPP 
PYLDNEKSNG TIIH VKGKHL CPSPLFPGPS "KP FWVLVWG GVLACYSLLV TVAFIIFWVR 
SKRSRLLHSD YMNMTPRRPG PTRKHYQPYA PPRDFAAYRS 

The extracellular domain is shown in bold 
The stalk region is underlined 
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